Background {#s1}
==========

Nivolumab, an anti-programmed death 1 antibody, is an immune checkpoint inhibitor (ICI) that has shown efficacy for treating non-small cell lung cancer (NSCLC) ([@B1]) and, therefore, has become a standard therapy for previously treated NSCLC. Several immune-related adverse events (irAEs) have been reported with nivolumab therapy, such as thyroiditis, pneumonitis, hepatitis, and nephritis ([@B1]).

Immune checkpoint inhibitor (ICI) therapy is well-known for affecting the phenomenon of pseudo-progression in solid tumors ([@B2]). Pseudo-progression is indicated by a temporary tumor size increase after ICI administration followed by tumor regression, and reflects inflammatory cell infiltration or necrosis ([@B2]).

Malignant pericardial effusion occasionally arises in patients with malignant tumors, most commonly cancerous lung tumors ([@B3]). Moreover, there have been a few previous reports of pericardial effusion in NSCLC following nivolumab administration ([@B4]--[@B8]), and some of these occurrences were considered an irAE of nivolumab.

Herein, we report two cases of pericardial effusion with tamponade in lung cancer patients during treatment with nivolumab. The pericardial effusions in the two cases were both malignant. The increases in the effusions were temporary and followed by decreases; therefore, these findings suggest pseudo-progression.

Case Presentation 1 {#s2}
===================

A 65-year-old man with a 68 pack-year smoking history consulted his primary care physician with the chief complaint of a productive cough. Subsequently, a large mass lesion of his right lung was detected on chest X-ray, and he was referred to our hospital. He was further examined through contrast-enhanced computed tomography (CT), which revealed a mass lesion with a 92-mm diameter, extending from the middle lobe of his right lung to the upper mediastinum, lymphadenopathy of the mediastinum and bilateral neck, swelling of bilateral adrenal grands, intraperitoneal dissemination, and slight pericardial effusion. After further examination, he was diagnosed with adenocarcinoma of the lung, cT4N3M1c, stage IVB (8th edition of the TNM classification for lung cancer). Neither epidermal growth factor receptor (EGFR) mutations nor an anaplastic lymphoma kinase (ALK) gene rearrangement were detected. The patient was treated with four cycles of carboplatin and pemetrexed. Nearly all lesions diminished in size; however, intraperitoneal dissemination worsened.

Nivolumab therapy was then initiated for the patient (3 mg/kg every 2 weeks) as a second-line therapy. His serum carcinoembryonic antigen (CEA) level before initiation of nivolumab therapy was 143.7 ng/ml; his chest X-ray and CT are presented as Figures [1A,B](#F1){ref-type="fig"}, respectively. After two cycles of nivolumab administration, the tumor size decreased (Figures [1C,D](#F1){ref-type="fig"}, respectively). After four cycles of nivolumab administration, he returned to our hospital with the complaint of dyspnea. His blood pressure was 141/85 mmHg, pulse rate was 111/min, and oxygen saturation was 96% on room air. A chest X-ray revealed cardiomegaly, and echocardiography indicated massive pericardial effusion (Figures [1E,F](#F1){ref-type="fig"}, respectively). He was further diagnosed as having cardiac tamponade. Other irAEs, including myocarditis, were not detected. His serum CEA level was decreased (22.5 ng/ml). He then received pericardiocentesis, and 1,000 ml of bloody effusion was removed. Immediately following this procedure, his condition improved. The pericardial effusion contained 3,025 white blood cells per microliter, and 84% of these cells were lymphocytes. Moreover, cytology revealed adenocarcinoma cells. Despite the fact that nivolumab therapy had not had a positive impact on the pericardial effusion, it had been effective for decreasing the tumor lesions; therefore, the therapy was continued. Corticosteroid treatment was not administered. After five cycles of nivolumab administration following the pericardiocentesis, the pericardial effusion did not recur (Figures [1G,H](#F1){ref-type="fig"}, respectively); however, intraperitoneal dissemination worsened again, and nivolumab therapy was discontinued. Subsequently, he was treated with several chemotherapies, such as pemetrexed and bevacizumab, gemcitabine, and bevacizumab, as well as *nab*-paclitaxel monotherapy; however, the efficacy of these treatment regimens was limited. Eighteen months after pericardiocentesis, the patient died of lung cancer progression; however, pericardial effusion had not increased.

![Case 1 **(A,B)** Chest X-ray and computed tomography (CT) before nivolumab administration shows a lung mass from the right mediastinum to the right hilar region. **(C,D)** Chest X-ray and CT after 2 cycles of nivolumab administration shows tumor regression. **(E)** Chest X-ray after 4 cycles of nivolumab administration shows cardiomegaly. **(F)** Echocardiography shows massive pericardial effusion (\*: effusion). **(G,H)** Chest X-ray and CT after pericardiocentesis followed by nivolumab administration shows improvement of cardiomegaly and further tumor regression.](fonc-09-00004-g0001){#F1}

Case Presentation 2 {#s3}
===================

A 71-year-old man with a 25 pack-year smoking history visited our hospital with the chief complaints of productive cough and dyspnea. Subsequently, a massive left pleural effusion was detected on chest X-ray. He was then examined through contrast-enhanced CT, which revealed a massive left pleural effusion, a mass lesion with a 36-mm diameter, in the lower lobe of his left lung, and slight pericardial effusion. After further examination, the patient was diagnosed with adenocarcinoma of the lung, cT4N3M1a, stage IVA. Neither EGFR mutations nor an ALK gene rearrangement were detected. He was treated with four cycles of carboplatin and *nab*-paclitaxel, and the treatment was effective for all previously detected lesions; however, multiple brain metastases arose. He then received whole brain irradiation, and these new lesions showed reduction. Subsequently, he was treated with three cycles of pemetrexed as a second-line chemotherapy; however, the primary lesion showed regrowth.

Nivolumab therapy was then initiated for the patient (3 mg/kg every 2 weeks) as a third-line therapy. The chest X-ray and CT before initiation of nivolumab therapy are presented as Figures [2A](#F2){ref-type="fig"}--[C](#F2){ref-type="fig"}, respectively, (circle: primary lesion), and the serum cytokeratin 19-fragment (CYFRA 21-1) level was 20.7 ng/ml. After two cycles of nivolumab administration, he returned to our hospital with complaints of chest pain and dyspnea. His blood pressure was 95/60 mmHg, pulse rate was 133/min, and oxygen saturation was 89% on 1 L of oxygen delivered by nasal cannula. A chest X-ray revealed cardiomegaly (Figure [2D](#F2){ref-type="fig"}). Massive pericardial effusion was detected by echocardiography as well as by chest CT (Figure [2E](#F2){ref-type="fig"}). In addition, the chest CT detected enlargement of the primary lesion (Figure [2F](#F2){ref-type="fig"}, circle). Other irAEs including myocarditis were not detected. The serum CYFRA 21-1 level was increased (40.7 ng/ml). After he was diagnosed as having cardiac tamponade, he received pericardiocentesis, and 1,400 ml of bloody effusion was removed. The pericardial effusion contained 756 white blood cells per microliter, and 2% of these cells were lymphocytes. Cytology of the effusion detected adenocarcinoma cells. One month after the first pericardiocentesis, pericardial effusion had increased again. Therefore, pericardiocentesis was re-conducted, and 450 ml of pericardial effusion was removed. At this time, the serum CYFRA 21-1 level was decreased (8.8 ng/ml). All anticancer therapy, including nivolumab therapy, was discontinued. Corticosteroid treatment was not administered. Two months after the second pericardiocentesis, a chest X-ray showed no cardiomegaly (Figure [2G](#F2){ref-type="fig"}), and chest CT showed decreasing pericardial effusion (Figure [2H](#F2){ref-type="fig"}). Despite the fact that the primary lesion was reduced (Figure [2I](#F2){ref-type="fig"}, circle), a few new intrapulmonary lesions appeared (Figure [2J](#F2){ref-type="fig"}, arrows); therefore, the disease was deemed to be progressing. Ten months following the second pericardiocentesis, the patient died of lung cancer progression, without any increase in pericardial effusion.

![Case 2 **(A--C)** Chest X-ray and computed tomography (CT) before nivolumab administration. Primary lung cancer lesion (circle) and a small amount of pericardial effusion are detected. **(D)** Chest X-ray after nivolumab administration shows cardiomegaly. **(E,F)** Chest CT after nivolumab administration shows massive pericardial effusion and enlargement of the primary lesion (circle). **(G)** Chest X-ray 2 months after the second pericardiocentesis shows no cardiomegaly. **(H--J)** Chest CT 2 months after the second pericardiocentesis shows a decrease in pericardial effusion, reduction of the primary lesion (circle), and a few new intrapulmonary lesions (arrows).](fonc-09-00004-g0002){#F2}

Discussion and Conclusions {#s4}
==========================

In this study, we made two important clinical observations. First, we showed that pericardial effusion with tamponade can occur in lung cancer patients during nivolumab treatment, findings similar to those in five previous reports ([@B4]--[@B8]). In two of these reports, effusions were not malignant and, therefore, were considered irAEs ([@B4], [@B5]), and one of these patients was administered a corticosteroid ([@B5]). In another case report, corticosteroid administration was performed without pericardiocentesis or examination of pericardial effusion, and the effusion improved ([@B6]). Findings of these reports suggest that the pericardial effusions were irAEs.

Second, some pericardial effusions with tamponade in lung cancer patients during nivolumab treatment might be caused by pseudo-progression. The present two cases showed temporal increasing of pericardial effusions, followed by effusion regression; in addition, the temporal increasing of pericardial effusions were accompanied by tumor marker decreases. In Case 1, nivolumab administration was continued after pericardiocentesis, and pericardial effusion did not increase again. In Case 2, temporal simultaneous increases of the pericardial effusion and the primary tumor were detected, followed by simultaneous regression in both the effusion and the tumor. These findings support the fact that pericardial effusions can be caused by pseudo-progression; however, in Case 2, we could not completely rule out the cause of pericardial effusion as being an irAE, because nivolumab therapy was discontinued after pericardiocentesis. In one previous report, two cases showed increasing malignant pericardial effusions after nivolumab administration, followed by effusion regression; therefore, the pleural effusions were thought to have resulted from pseudo-progression ([@B8]).

The cause of pericardial effusion after nivolumab administration is thought to be either nivolumab-induced serositis or pseudo-progression; however, making a distinction between the two causes is difficult. In the present report, Case 1 showed an increased lymphocyte count in the pericardial effusion. One previous report considered a low lymphocyte count in pericardial effusion to indicate pseudo-progression ([@B8]), and the present Case 2 also showed a low lymphocyte count; however, the primary indicator of pseudo-progression is infiltration of inflammatory cells, including lymphocytes, into a malignant lesion ([@B2]). Therefore, the increase in lymphocytes in one of our patients also suggests that his pericardial effusion originated from pseudo-progression. Comprehensive observation of the courses of pericardial effusion and other lesions is necessary to determine whether or not the cause of pericardial effusion is pseudo-progression. If putative pseudo-progression is determined, as in the present Case 1, continuation of nivolumab administration might be allowable with a strict follow up.

The mechanism behind pseudo-progression\'s causing pericardial effusion is unclear. An increase in malignant pericardial effusion has been reported to have a close association with vascular endothelial growth factor (VEGF) ([@B9]), and VEGF inhibits T-cell development ([@B10]). VEGF produced by cancer cells to inhibit T-cell development might cause an increase in malignant pericardial effusion. However, further investigation is needed to determine the mechanism of pericardial effusion following nivolumab administration.

In conclusion, pericardial effusion with tamponade can occur in lung cancer patients during treatment with nivolumab, and some of these effusions might be caused by pseudo-progression. In the case of putative pseudo-progression, continuation of nivolumab administration might be allowable with strict observation and follow up of the patient. We, therefore, suggest that in similar cases, making a determination of pericardial effusion caused by pseudo-progression may improve the outcome of NSCLC patients by allowing continuation of nivolumab therapy.
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